
Near-threshold charged kaon pair production
in two protons collisions

Damian Gil1,� and Jerzy Smyrski1

for the COSY-11 Collaboration
1Jagiellonian University, Cracow, Poland

Abstract. The pp → ppK+K− reaction was measured near threshold at excess energy

Q = 4.5 MeV using the COSY-11 detection system installed at the COSY-Juelich accel-

erator. Preliminary value of upper limit of the total cross section was determined. This

limit indicates that an enhancement of the total cross section close to the threshold, caused

by the final state interaction, is smaller than suggested by extrapolation of data measured

at higher energies.

1 Physics motivation

The energy dependence of the pp→ ppK+K− total cross section close to threshold is very sensitive

to the interactions between particles in the final state, and therefore is well suited for studies of these

interactions. There are many interesting topics connected with the interactions of the final state kaons

and protons. For example, the K+K− interaction is crucial for understanding the structure of the

scalar mesons f0(980) and a0(980), which according Ref. [1, 2] are KK̄ molecules. In turn, the K−p
interaction is interesting from the point of view of study the nature of the Λ(1405) hyperon, which

is considered as a K−p molecular state [3]. There are also some astrophysical aspects of studying

kaons production reactions, like description of neutron stars structure [4]. Elementary reactions of

kaon pair production in pp collisions are also important for better understanding of the properties of

kaons inside dense baryonic matter [5]. The existing data for the kaon pair production in pp collisions

were measured for excess energies higher than Q = 6 MeV, with exception of one point at 3 MeV, for

which only upper limit of the total cross section was determined. On the other hand, data very close

to threshold (for Q < 6 MeV) are crucial for distinguishing between various models of the final state

interaction (FSI) in the ppK+K− system. Therefore, we performed a high luminosity measurement at

Q = 4.5 MeV.

2 Experiment

The measurement was performed with the COSY-11 detection system, described in details in Ref. [6],

at the COSY-Juelich accelerator. A principle of the measurement is presented in Fig. 1. Internal

proton beam of the COSY was scattered on the COSY-11 H2 cluster target. The beam momentum
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Figure 1. Scheme of the COSY-11

experimental system. Indicated tracks

correspond to a simulated ppK+K−

event.

was 3.316 GeV/c, corresponding to an excess energy in the pp→ ppK+K− reaction of 4.5 MeV. With

a beam intensity of about 1010 stored protons and a target density of about 1014 atoms per cm2, an

average luminosity was in the order of 1030 cm−2s−1. Positively charged reaction products (ppK+)
were deflected outside the COSY ring in one of regular COSY dipole magnets. Their tracks, registered

in a set of two drift chambers (D1 and D2 in Fig. 1), were traced back in the magnetic field of the dipole

magnet to the target point in order to determine their momentum vectors. Identification of protons

was based on the time-of-flight (TOF) measurement on a path of about 9.1 m between scintillation

hodoscopes S1 and S3. For resolving two close proton tracks, a fine granularity hodoscope S2, placed

behind the S1 detector, was also used in the TOF measurements. The positively charged kaons were

not registered in S3, and therefore they were identified using TOF on a path between the target and

the S1 hodoscope. The luminosity was monitored using a coincidence measurement of the elastically

scattered protons. The forward scattered protons were measured in the drift chambers D1 and D2, and

the recoil protons were registered in a position sensitive silicon pad detector Simon, placed near the

target. For identification of the negatively charged kaons, the ppK+ missing mass was calculated.

3 Data analysis and results

Figure 2 presents invariant mass squared of the third positively charged particle registered in the S1

detector, besides the two protons, as a function of the missing mass squared of the ppK+ system.

In the spectrum corresponding to simulations of the pp→ ppK+K− process, a clear signal from the

ppK+K− events is visible at the invariant mass and the missing mass equal to the K+ and K− mass,

respectively. The signal is almost fully confined within 3σ limits indicated with red lines in the fig-

ure. In the experimental plot, no events are observed within these limits, and therefore only upper

limit for the pp→ ppK+K− total cross section can be determined. The background events, visible

in the experimental plot, originate mainly from the pp→ pK+Λ(1405) and pp→ pK+Σ(1385)0 reac-

tions. The integrated luminosity was determined on the basis of the registered elastic proton-proton

counts, normalized to the high precision pp elastic cross section data measured by the EDDA collab-

oration [7]. In order to validate obtained integrated luminosity, total cross sections for the pp→ ppω
and pp → ppη′ reactions were determined, based on registered events of the type pp → ppX. For

these events, missing mass spectrum of the pp system contains clear signals corresponding to the ω
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Figure 2. Simulated (left) and measured (right) two-dimensional plots of invariant mass squared of the third

(non-proton) particle registered in S1, versus missing mass squared of the ppK+ system. Red lines present the

3σ limits for distribution of the ppK+K− events.

and η′ meson production. Obtained values for the ω and η′ production cross sections are in a good

agreement with results of previous experiments, as shown in Fig. 3. The COSY-11 acceptance for

Figure 3. Experimental total cross sections for the ω production [8–13] and η′ production [11, 14–19], together

with the present data points. Solid lines present theoretical predictions for the ω and η′ production cross sections

from Ref. [20] and [21], respectively.

the ppK+K− events, determined using Monte Carlo simulations taking into account the pp-FSI, is
equal to 2.83%. Preliminary upper limit for the pp→ ppK+K− total cross section at Q = 4.5 MeV,

calculated using the obtained integrated luminosity and the acceptance, is presented in Fig. 4, together

with existing experimental data. As shown in the figure, energy dependence of the experimental data

points is not reproduced by the four-body phase space integral. Inclusion of the pp-FSI still underesti-
mates the experimental values. Also inclusion of the pK−-FSI, parameterized by the scattering length

approximation with apK− = (0+1.5i) fm, according Ref. [22], underestimates the experimental results,

especially in the low energy region. Only after including an extra K+K−-FSI factor, parameterized
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with the effective range approximation with aK+K− = (8+0i) fm and bK+K− = (−0.1+1.2i) fm [23], the

previous data points are well described, but the present upper limit of the cross section is overesti-

mated.

Figure 4. The pp→ ppK+K−

excitation function obtained from

previous experiments [11, 24–28],

together with the present upper limit

of the total cross section. The dotted

line presents an energy dependence

according the phase space volume, the

dotted-dashed line incorporates the

pp-FSI, the dashed line includes

additionally the pK−-FSI and solid

line is obtained by taking into account

also the K+K− interaction. All

theoretical calculations are

normalized to the DISTO point at

Q = 114 MeV.

4 Conclusions

We measured the pp → ppK+K− reaction at Q = 4.5 MeV using the COSY-11 detection system.

With no ppK+K− observed events, we determined only upper limit of the total cross section. The

present limit lies below theoretical calculations, including FSI factors for pp, pK− and K+K− systems,

reproducing well experimental data measured at higher energies. This deviation can result from the

Coulomb interaction, which was not fully included in the theoretical calculations. It can be also

caused by the strong K+K− absorption due to formation of hypothetical KK̄ molecule [29].
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